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Octanol-water partition coefficients (Kow) are widely used in environmental and biological chemistry to predict and understand the partitioning behavior of neutral organic compounds and their salts into a range of organic materials. Because of the time and expense in obtaining experimental Kow data, a large number of freely available and commercial Kow prediction software programs are available. One of the most popular Kow prediction programs is KOWWIN, currently included as part of the EPI Suite environmental modeling program (http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm). KOWWIN estimated Kow values are used on the Domestic Substances List (DSL; http://www.ec.gc.ca/ceparegistry/Subs_list/Domestic.cfm) of Environment Canada for screening level assessments of bioaccumulation potential. In the current study, we examined the predictive capacity of KOWWIN against the ALOGPS 2.1 program (http://www.vcclab.org/lab/alogps/; ref. [1] [2] [3] [4] ) -both freely available internet based programs -for substances on the Canadian DSL with and without comparative experimental Kow values.
From an initial sample of 1771 experimental log Kow values in the Canadian DSL listing, the removal of duplicate entries, errors, salts, and organosilicon compounds resulted in a reduced set of 1545 compounds (Appendix Table 1 ). The substantial number of errors and duplicates in the original source Canadian DSL experimental Kow list necessitates rigorous pre-screening by researchers prior to use. The following three general categories of concern were encountered: (1) duplicate entries, often from different common names and IUPAC
Fig. 1. Comparison between ALOGPS ((a)(i)) and KOWWIN ((b)(i))
predicted and experimental log Kow values for compounds on the Canadian DSL and corresponding distributions of residual errors for the ALOGPS ((a)(ii)) and KOWWIN ((b)(ii)) estimates. 1:1 lines (dashed) are also given. naming formalisms that all refer to the same structure; (2) failure to properly specify geometrical isomerism (i.e., cis-/trans-and E-/Zdesignation of various functional groups) or stereochemistry (i.e., R/S), both of which could have been designated using the SMILES notation [5, 6] in this database; and (3) while the compound name suggests the log Kow value was determined/estimated for a salt, the SMILES formula indicates the molecular form, thereby making direct comparisons between experimental and estimated data invalid, and the use of the estimated data subject to significant uncertainty. For estimated Kow values, neither KOWWIN nor ALOGPS distinguishes between E-/Z-isomer or diastereomer based differences in physicochemical properties.
The mean signed error (MSE), mean absolute error (MAE), and root mean squared error (RMSE) between experimental and estimated log Kow values for KOWWIN on these 1545 compounds were 0.02, 0.26, and 0.37 units, respectively, compared to -0.02, 0.25, and 0.35 units, respectively for ALOGPS. By comparison, COSMOfrag was reported to have a RMSE of 0.74 log Kow units using an unscreened version of the Canadian DSL. [7] KOWWIN and ALOGPS yield the following respective regression equations between predicted and experimental log Kow values ( Figure 1 ): log Kow,ALOGPS = 0.961(±0.004) × log Kow,expt + 0.058(±0.012) ... (1) n=1545, r=0. 983, s=0.346, cv=0.182 log Kow,KOWWIN = 0.992(±0.005) × log Kow,expt + 0.033(±0.013) ... (2) n=1545, r=0. 982, s=0.368, cv=0.191 Log Kow error residuals for KOWWIN are evenly distributed with no significant trend (r=-0.04, pm=0=0.12, pb=0=0.01). ALOGPS error residuals do display a significant trend (r=-0.21, pm=0<10
-17 , pb=0<10 -5 ), generally decreasing in signed error magnitude with increasing log Kow.
Compounds with log Kow values >5 are often classified by regulatory agencies as having high bioaccumulation potential, provided they are sufficiently persistent in environmental and biological systems. Similarly, "Lipinski's Rule of Five" postulates that above a log Kow of 5, poor absorption or permeation is anticipated in a drug discovery setting. [8] Of the 83 compounds on our screened version of the Canadian DSL with experimental log Kow>5, KOWWIN correctly classified 75 and ALOGPS correctly classified 72. KOWWIN generated 11 false positives (i.e., predicting log Kow>5 when experimental log Kow<5) and 8 false negatives (i.e., predicting log Kow<5 when experimental log Kow>5). ALOGPS generated 8 false positives and 11 false negatives.
The Canadian DSL gives 9544 compounds without experimental log Kow values, and for which KOWWIN estimates have been generated. A rudimentary screening of this list to remove duplicate entries, errors, salts, and organosilicon compounds resulted in a reduced set of 6529 compounds. A comparison of KOWWIN and ALOGPS estimated log Kow values for these compounds indicates significant predictive differences between the two programs ( Fig. 2) , yielding a root mean squared deviation between the methods of 2.18 log Kow units. Modest agreement exists between the programs at estimated log Kow values from -5 to 5, but outside of this range the deviations between the two methods increase up to a maximum difference of 39.3 log Kow units. Of particular interest, there are some compounds whose ALOGPS log Kow estimates are <5, but the corresponding KOWWIN log Kow estimates can range up to >28. 4,4a,5,5a,6,11,12a-octahydro-3,5,6,10,12,12a-hexahydroxy-6-methyl-1,11-dioxo- 4,4a,5,5a,6,11,12a-octahydro-3,5,10,12,12a-pentahydroxy-6-methyl-1,11- N-cyano-N-methyl-N-[2-[[(5-methyl-1H-imidazol-4-yl) [3',4':6,7] -0.08 pregna-1,4-diene-3,20-dione, 9-fluoro-11,17-dihydroxy-6-methyl-, (6-alpha,11 )- cyclohexene]-3,4'-dione, 7-chloro-2',4,6-trimethoxy-6'-beta-methyl- -1,4-diene-3,20-dione, 6,9-difluoro-11,21-dihydroxy-16,17-[(1-methylethylidene) bis(oxy)]-, (6-alpha,1-beta,1-alpha))- -0.60 pregna-1,4-diene-3,20-dione, 21-(acetyloxy)-9-fluoro-11,17-dihydroxy-16-methyl-, (11-beta,16-beta)- 
2.80 3.19 0.39 2.78 -0.02 cholan-24-oic acid, 3,6,7-trihydroxy-, (3-alpha,5 ,6-alpha,7-alpha)- 
2.78 -0.10 2.77 -0.11 -naphthalenamine, N,N-dimethyl-N(c(c(c(ccc1) 38 pregna-1,4-diene-3,20-dione, 9-fluoro-11,21-dihydroxy-16-methyl-17-[(1-oxopentyl) oxy]-, (11-beta,16-beta)- 1,2,3,4,5,6-hexachloro-, (1a,2a,3b,4a,5a,6b pregna-1,4-diene-3,20-dione, 21-(2,2-dimethyl-1-oxopropoxy)-6,9-difluoro-11,17-dihydroxy-16-methyl-, (6-alpha,11-beta,16-alpha)- 
